Introduction
A longstanding question in price adjustment literature is whether patterns of price increases are different from patterns of price decreases (see, e.g., Ball and Mankiw 1994 , Cecchetti 1986 , Carlton 1986 , Mankiw and Romer 1991 , and studies cited therein). We sometimes hear about gas prices that are "rising like rockets... [but] falling like feathers" (Octane, V.13-3, June 1999, pp. 6-7) or about food prices, where "retail pork prices do not come down even if hog prices do" (New York Times, Jan. 7, 1999) . Although economists have devoted considerable attention to this issue (recent studies include Davis and Hamilton 2004 , Rotemberg 2002 , and Peltzman 2000 , the link between the extent of asymmetry and the size of price changes has not received much attention. 1 In this paper we offer evidence on an unusual type of asymmetric price adjustment. We analyze transaction price data for 29 product categories over an 8-year period from a large Mid-western supermarket chain. The dataset is quite large containing about 100 million weekly price observations for 18,037 products. We uncover a surprising regularity in these data-small price increases are more frequent than small price decreases for price changes of up to about 10 cents. There is no such asymmetry for larger price changes. These results hold for the full dataset and for almost every individual product category. We find that while inflation can explain some of the asymmetry, inflation is not the whole story. For example, we find that the asymmetry is still present even if (a) we consider only a low-inflation period sample, or (b) we consider only a deflation-period sample, or (c) we focus only on the products whose price had not increased over the eight-year period. These findings are robust across different measures of inflation, and after allowing for lagged price adjustments.
Building on emerging theories in economics and marketing, we offer a consumerbased explanation for these findings. We argue that time-constrained consumers may ignore small price changes if the cost of processing information on small price changes exceeds the benefit. Thus, in a "small region" around the current price, the demand is less elastic, giving the retailers incentive to make more frequent small price increases than decreases.
Several implications are highlighted. First, as far as we know, this type of asymmetry has not been reported in the literature before, and so far has gone unnoticed. Indeed, we discuss several studies whose data contain asymmetric price adjustment in the small although the authors fail to notice it. Second, the explanation we offer for our findings is novel because it suggests that existence of price adjustment costs combined with a channel structure can lead to asymmetric price adjustment (Blanchard 1983 , Gordon 1990 , Basu 1995 , Chevalier et al 2003 , Ray et al 2006 . Third, the explanation we offer for the finding of asymmetric price adjustment in the small offers micro-based evidence on the importance of rational inattention for individual price dynamics. Fourth, our findings suggest that there might be important differences in the response of markets to small vs. large changes, consistent with recent micro-level empirical findings. Finally, our theory offers a possible explanation for the presence of small price changes, which has been a long standing puzzle in the literature (Carlton 1986 , Warner and Barsky 1995 , Lach and Tsiddon 2006 , Sheshinski and Weiss 1993 .
We proceed as follows. In section 2, we describe the data. In section 3, we discuss the findings. In section 4, we discuss possible explanations for the findings. Section 5 concludes by discussing some potential implications.
Data
We use scanner price data from Dominick's-one of the largest supermarket chains in the Chicago area, operating 94 stores with a market share of about 25 percent.
Large chains of this type made up about $310 billion in total sales in 1992, which was 86.3% of total retail grocery sales (Supermarket Business, 1993) . In 1999 the retail grocery sales have reached $435 billion. Dominick's, thus, is representative of a major class of the retail trade. Moreover, the sales of Dominick's type large supermarket chains constitute about 14 percent of the total retail sales of about $2.25 trillion in the U.S. Because the retail sales account for about 9.3 percent of the GDP, our data set is a representative of as much as 1.30 percent of the GDP, which is substantial. Thus the market we are studying has quantitative economic significance as well.
We have 400 weekly observations of retail prices in 27 product categories that represent 30 percent of the chain's revenues, from September 14, 1989 to May 8, 1997 The length of individual series varies depending on when the data collection for the specific category began and ended. In Table 1 , we list the product categories along with some descriptive statistics. As the table indicates, the data set contains more than 98 million weekly price observations.
The data come from the chain's scanner database, and contains the prices paid at the cash register. 3 The data consist of the actual transaction prices which is the kind of data Tsiddon (1992, 1996) recommend for studying price adjustment because they most closely resemble the data envisioned by pricing theory: price quotations at the level of the price setter.
Empirical Findings
Before presenting the findings, consider a sample series from the data. Figure 1 displays the weekly prices of Heritage House frozen concentrate orange juice, 12oz, from Dominick's Store No. 78. The series contain the following "small" price changes:
(1) 1¢: 9 positive (weeks 13, 237, 243, 245, 292, 300, 307, 311, and 359) and 6 negative (weeks 86, 228, 242, 275, 386 , and 387);
(2) 2¢: 7 positive (weeks 248, 276, 281, 285, 315, 319 , and 365) and 1 negative (week 287); Thus, in these series there are more positive than negative price changes up to 4¢. Below we analyze the patterns of price changes using the entire data set as well as individual categories. We begin by studying the patterns of price changes for each possible size of a price change by calculating the frequency of positive and negative price changes in cents, 1¢, 2¢, 3¢,..., 50¢. Figure 2 shows the cross-category average frequency of positive and negative price changes. We immediately note an interesting and robust regularity: there are more frequent small price increases than decreases. We call this asymmetry "in the small." The asymmetry lasts for price changes of up to about 10-15 cents, which is equivalent to about 5 percent given that the average price at a retail supermarket is about $2.50 (Levy, et al., 1997; Bergen, et al., 2004) . Beyond that, the two lines crisscross each other and thus, the systematic asymmetry disappears.
Findings for the Full Sample
In Figures 3a-3c , we plot the frequency of positive and negative price changes by product categories. Table 2 reports the corresponding z-test results. Under the null, there are equal number of price increases and decreases for each size of price change. We define an "asymmetry threshold" as the last point at which the asymmetry is supported statistically, that is, the last point at which the frequency of price increases exceeds the frequency of price decreases of the same absolute magnitude (z ≥ 1.96). 5 As shown in the "Full Sample" column, in four categories the asymmetry threshold is below 5¢, and in two categories it exceeds 25¢. In most categories, however, the asymmetry threshold falls in the range of 5¢-25¢, averaging 11.3¢." 
Could It Be Inflation? Findings for Low-Inflation and Deflation Periods
The most immediate explanation for the above findings might be the U.S inflation during the sample period (see the PPI-inflation figures in Table 3 ). 7 During inflation we expect more price increases than decreases, ceteris paribus (Ball and Mankiw, 1994) . 8 We, therefore, ask whether the asymmetry found in the full sample, also holds when inflationary periods are excluded from the analysis. Given the large sample we have, such an analysis is indeed feasible.
We conduct two specific analyses. The first includes only those observations during which the monthly PPI inflation does not exceed 0.1 percent, which we define as a low-inflation period. In the second analysis, we include only those observations in which the monthly PPI inflation rate is non-positive, which we define as a deflation-period.
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For the low-inflation sample (the middle column of Table 2 ), the asymmetry 5 Out statistical procedure allows for no asymmetry as well as for reverse asymmetry. In this particular analysis, we do not find any such case. There are very few of them in later analyses too (see Tables 4-9) . 6 Considering price changes of up to 50¢ appears sufficient given our focus on the asymmetry in the small. We have actually calculated the price changes of all sizes, and found that most price changes are indeed smaller than 50¢. Further, the full sample contains a total of 10,298,995 price increases and 9,438,350 price decreases, and thus in total, there are more price increases than decreases. Further, 1¢, 2¢, 3¢, 4¢, and 5¢ increases account for 3.60%, 3.50%, 3.39%, 3.30%, and 3.20% of all price increases, respectively. In other words, 17.09% of the price increases are of 5¢ or less. In contrast, 1¢, 2¢, 3¢, 4¢, and 5¢ decreases account for 2.49%, 2.88%, 2.75%, 2.99%, and 2.88% of all price increases, respectively. In other words, 14.00% of price decreases are of 5¢ or less. Thus, our findings hold for the entire data set as well. 7 These findings cannot be explained by promotions or sales, as promotions likely generate more price decreases than increases, which is opposite to what we observe. In addition, a sale-related temporary price reduction is usually followed by a price increase at the end of the sale period (Rotemberg 2002) . Price promotions, therefore, cannot produce the observed asymmetry. 8 A counter-argument to this idea is that if the reason for the asymmetry was inflation, then we would see the asymmetry not only "in the small" but also "in the large." The data, however, do not exhibit asymmetry "in the large." 9 The frequency plots for the low inflation and the deflation periods are included in the referee appendix available upon request.
threshold is 8.2¢ on average. At the category level, the asymmetry holds in all but one category (bath soap), with some decrease in the thresholds, the majority falling between 2¢ and 20¢. In the deflation period sample, column 3 of Table 2 , the threshold is 6.2¢, on average. At the category level, we still find asymmetry "in the small" for all but two categories, bath soap and frozen entrees.
Thus, the asymmetry thresholds decrease as we move from the full sample to the low inflation sample and further to the deflation sample, suggesting that inflation likely plays a role in the asymmetry. However, a substantial proportion of the asymmetry remains unexplained.
Robustness Checks
The above analyses suggest that inflation cannot explain fully our findings. We check the robustness of this conclusion by using six different tests. All confirm the conclusion that inflation at best offers a partial explanation for the documented asymmetry.
(i) Lagged Price Adjustment
The analysis so far assumed instantaneous price adjustment. We now allow lagged adjustment. The speed of adjustment of retail prices vary between 4 weeks (Dutta, et al. 2002; Müller and Ray, 2007) and 16 weeks (Bils and Klenow, 2004) . Therefore, we repeat the analysis under four possible lags: 4 weeks, 8 weeks, 12 weeks, and 16 weeks.
The results, reported in Table 4 , suggest that the asymmetric adjustment in the small holds for 25 of the 27 categories, the exception being bath soups and shampoos. In 99 of the 108 cases presented in the table, that is, in 92 percent of the cases, the thresholds are positive, averaging 6.6¢.
(ii) Alternative Measures of Inflation
The above analysis was based on the PPI. We, therefore, repeat the analysis using two other measures of inflation: CPI, and CPI-Chicago. The latter is useful as it covers the area where most Dominick's stores operate. The CPI and CPI-Chicago inflation series (Table 3) indicate fewer deflationary periods, reducing the sample size even
further. Yet, the results remain unchanged. According to Table 5 there is asymmetry in all but two categories, with the average threshold of 6.9¢.
(iii) Alternative Measures of Inflation with Lagged Price Adjustment
The analysis in (ii) assumes flexible prices. indicates that on average the asymmetry threshold is bigger in the last 12 months than in the first 12 months of the sample (t 20 = 4.799, p = .000). 11 Thus, for the overwhelming majority of the cases, there was a stronger asymmetry at the end of the sample when 10 We compare the average prices during the first 4-weeks and the last 4-weeks of the sample period. The use of an 8-week window yielded similar results. In this comparison, we use the list price, if it differs from the actual price, in order to avoid any effect of sales on the results. In conducting the asymmetry analysis, however, we use the actual prices to make the current results comparable to the previous results. 11 Since the average sample size for the last 12 months was larger than that in the first 12 months, we considered the five categories where the reverse was true, i.e. the sample size of the first 12 months was larger than that of the last 12 months. The asymmetry threshold was still greater in the last 12 months for these categories. So, sample size does not explain these results.
inflation was low.
(vi) Asymmetry and Annual Inflation Rates
In our data, deflation months are scattered throughout the eight-year period.
Therefore, in order to further check how asymmetry varies with inflation rates, we calculate the asymmetry threshold for each product category for each of the 7 calendar years in the data, and match them up with the annual inflation rates (see Table 9 ). This analysis reveals a negative linear relationship between the asymmetry threshold and the annual inflation rate (with PPI, t = The analyses presented in section 3 suggest that inflation cannot account fully for the observed asymmetry in the small. Next, therefore, we examine the possibility that other existing theories of price adjustment can explain our findings. The main existing theories of asymmetric price adjustment besides inflation include capacity constraints, vertical market linkages, imperfect competition, and menu costs under inflation (Blinder, et al. 1998) .
Although these theories can explain asymmetric price adjustment in general, it appears that they are unable to explain the specific form of asymmetric price adjustment we document here. For example, the theory of capacity constraints emphasizes the asymmetry in the sellers' ability to adjust inventory to price fluctuations. This theory, however, predicts that asymmetric adjustment should be observed especially for large price changes because small price changes are less likely to make capacity constraints binding. This is the opposite of what we observe in our data. Similarly, theories based on vertical channel linkages (Peltzman 2002 ) and imperfect competition (Neumark and Sharpe, 1992) cannot explain simultaneous asymmetry in the small and symmetry in the large because it is hard to see how market or the channel structure can vary systematically between small and large price changes. Clearly, large-scale changes in the market or the channel structure are too slow and infrequent to explain variation in adjustment across small and large price changes. 12 Another possible explanation is menu cost (Levy et al., 1997 and Dutta et al., 1999) under inflation (Tsiddon, 1993; Ball and Mankiw, 1994) . However, if the reason for the asymmetry we find were inflation and menu cost, then we should not have seen asymmetry in periods of low-inflation, and even more so in periods of deflation. Therefore, it is unlikely that the observed asymmetry is completely driven by inflation.
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Thus, the findings of asymmetric price adjustment in the small but symmetric adjustment in the large seem inconsistent with the existing models of price adjustment.
We, therefore, offer another possible explanation. We posit that consumers may choose to be inattentive to information about small price changes if processing and responding to such information is costly. Customers are often engaged in purchasing tens and occasionally hundreds of-different goods. The costs of processing and reacting to the large amount of information are non-trivial. Calculating the optimal purchase behavior for every possible price, for example, is a costly process requiring time and mental resources. Because consumers have limited time and other resources to process the large amount of information they face every day, they must rely on cost-benefit analysis to decide what information is worth their attention. If the cost of processing information on a price change exceeds the benefit, then the customer might choose to ignore and not react to the price change. This is most likely to happen for small price changes, because the costs of processing and reacting to small price changes might outweigh the benefits.
Yet, when the price changes are large, the benefit of processing the price change information might exceed the cost, and thus the consumer will likely respond to large price changes. This explanation is consistent with the recent literature on rational inattention (Akerlof, 2000; Ball, Mankiw and Reis, 2005; Adam, 2005; Mankiw and Reis 2002; Sims, 2003; Reis 2006a Reis , 2006b Woodford 2002; Shugan, 1980) . Now, consider a retailer who faces inattentive customers and thus sees a region on the demand curve around the current price where his customers' price sensitivity is low for both small price increases and small price decreases. The consumers' reduced 12 This conclusion likely holds for any explanation that relies on institutional features and arrangements. 13 If we consider a broader notion of price adjustment costs which might include managerial costs (Zbaracki et al 2004) , then price adjustment costs could lead to asymmetry: the cost of price increase could be higher than the cost of price decrease. The reason might be consumer anger or fairness (Rotemberg 2002; Kahneman et al 1986) , consumer goodwill loss (Bergen et al 2004; Levy and Young, 2004) , or search triggered by a price increase. This, however, predicts more price decreases than increases.
price sensitivity to small price decreases makes small price decreases less valuable to the retailer because the lower price does not trigger the consumer's response: she does not buy more. However, a small price increase will be very valuable to the retailer for the same reason: his consumer will not reduce her quantity purchased. In other words, the reduced price sensitivity in both directions will give the retailer an incentive to undertake more frequent small price increases than decreases. A large price change, however, triggers customer reaction, and thus the retailer has no incentive to make asymmetric price changes. Consumers know that retailers know about their inattention. Both firms and consumers, therefore, will expect asymmetric price adjustment in the small and thus asymmetric price adjustment in the small can emerge as an equilibrium outcome.
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The idea that there exists a small region of inattention around the current price along the demand curve is consistent with the theoretical findings of Fibich, et al. (2007) , as well as with the experimental evidence of Kalwani and Yim (1992) , showing that promotional price changes must exceed certain minimum thresholds to produce any effect on purchase behavior. Our findings are also consistent with the empirical findings reported in the marketing literature on "price indifference bands" (Kalyanaram and Little, 1994) . For example, according to McKinsey & Company (Baker, et al. 2001 ) the price indifference band is 17 percent for health-and-beauty products and 10 percent for engineered industrial components. Consistent with this, the common managerial intuition is that price reductions of less than 15 percent do not attract enough customers to a sale (Della, et al 1980; Gupta and Cooper 1992) . This region of inaction is consistent also with the literature on "just noticeable difference" in marketing (Monroe, 1970) suggesting that, in lieu of Weber's Law, people may be unable to perceive small differences in the stimulus, and with Emery's (1970) observation that "there is a region of indifference about a standard price such that changes in price within this region produce no change in perception." 16 The difference in how consumers react to small versus large price changes resonate with Samuelson and Zeckhauser's (1988, p. 35) claim that in the context of retail shopping, "... it may be optimal for individuals to perform an analysis once, as their initial point of decision, and defer to the status quo choice in their subsequent decisions, barring significant changes in the relevant circumstances" (emphasis ours). To a similar effect, Tobin (1982, p. 189) observes that "Some decisions by economic agents are reconsidered daily or hourly, while others are reviewed at intervals of a year or longer except when extraordinary events compel revisions" (our emphasis). Frank and Jagannathan (1998, p. 188 ) suggest a similar mechanism in explaining stock price behavior: "The idea is that for many investors it is not worth paying attention to small dividends, while at sufficiently high dividend levels almost all investors pay attention."
Potential Implications and Conclusion
We find overwhelming evidence of asymmetry for price changes of up to about 10 cents or 5 percent, on average. The asymmetry disappears for larger price changes. In other words, we find a form of downward price rigidity which holds only "in the small."
These results hold for the full dataset and for almost every individual product category.
We find that inflation can offer only a partial explanation. Indeed, we find asymmetry even if we consider only a low-inflation period sample, or only a deflation-period sample, or if we consider only the products whose price had not increased. The findings are robust across different measures of inflation, and after allowing for lagged price adjustments. We explain our findings by arguing that price-setters might act strategically to take advantage of the fact that their consumers face information processing costs by making asymmetric price adjustments "in the small."
Several implications follow. First, as far as we know, this type of asymmetry has not been reported in the literature before, often flying under the radar screen. For example, Peltzman (2000) finds no asymmetry in Dominick's dataset (because of his focus on large and more time aggregated-i.e., monthly instead of weekly-price changes). Baudry, et al. (2004) Figure   9 in their paper (on p. 55) clearly indicates an asymmetric price adjustment "in the small" although the authors fail to "notice" it... and thus they never discuss it. A similar form of asymmetry is found also in Spanish data for the 1993-2001 period (Álvarez and Hernando, 2004) , although these authors also fail to notice and discuss it. These suggest that asymmetric price adjustment in the small might be more prevalent than we think.
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Second, the explanation we offer for our findings is novel because it suggests that the existence retail price adjustment costs combined with a channel structure can lead to asymmetric price adjustment. It is widely accepted that price adjustment costs can be a source of price rigidity (e.g., Mankiw, 1985) . However, if we think of the information processing cost of consumers as a form of price adjustment cost in a broad sense of the term, then it follows that price adjustment cost in a channel setting can also lead to asymmetric price adjustment in the small, i.e., to downward price rigidity "in the small" (Blanchard 1983 , Gordon 1990 , Basu 1995 , Chevalier et al 2003 , and Ray, et al, 2006 . Taken together, our findings and their explanation suggest that there might be important differences in the response of markets to small vs. large changes. This is consistent with recent empirical findings that price reactions to small cost shocks differ from price reactions to large cost shocks (Dutta, et al. 2002) , and with recent empirical field work that studies organizations' conduct when they face decisions about small vs.
large price changes (Zbaracki, et al. 2004 and . This is also consistent with theoretical work exploring how the size of the price change impacts firms pricing decisions (Cecchetti 1986 , Rotemberg 1987 , and Blinder et al 1998 .
Our theory, thus, offers a possible explanation for the presence of small price changes, which has been a long standing puzzle in the price adjustment literature. See, for example, Carlton (1986) , Kashyap (1995) , Warner and Barsky (1995) , Sheshinski and Weiss (1993) , and Lach and Tsiddon (2007) . Our theory suggests that when the costs of making small changes (menu costs) are offset by the possible gains accrued from an inelastic demand curve, firms may find it optimal to engage in small price changes, especially in small price increases.
We conclude with a brief discussion of the likely generalizability of our results. In our setting, the retailer faces buyers with little at stake in the price of an individual item.
It is likely, therefore, that asymmetric price adjustment in the small will be present in other settings such as Target, Wal-Mart, etc., where low-priced, commonly consumed retail goods are sold. It is unclear, however, how generalizable our findings are to other types of goods or markets. We know that are markets where attention is critical. For example, in financial and business-to-business markets where transactions often involve large quantities of the same asset, buyers will be more attentive. In fact, in these markets, there are people whose only job is to pay attention to pennies or even less. In such settings, it is unlikely to see asymmetry in the small. It is less clear whether inattentive behavior will be optimal in other settings. For example, in markets for big-ticket items people are likely to be more attentive because these transactions involve large expenditures (Bell, et al., 1998; Nagle and Holden, 2002) . However, even when considering big-ticket items, shoppers might be inattentive-they may ignore some rightmost digits (Lee et. al., 2006) . For example, car shoppers may choose to be inattentive to the rightmost digits, and thus focus on fourteen thousand eight hundred dollars when the actual price is $14,889.00. This would create some room for asymmetric price adjustment in the small. In future work, therefore, it will be valuable to study other data sets, products, and markets. The figures reported in the table are the cutoff points of what might constitute a "small" price change for each category. The cutoff point is the last point at which the asymmetry is supported statistically. The figures in parentheses indicate a reverse asymmetry, and 0 means that there is no asymmetry. For example, for Bath Soap, 12-week lag, the asymmetry threshold is (1), meaning that there are statistically significant more price decreases than increases at 1 cent, but not beyond that. For Analgesics, 16-week lag, the asymmetry threshold is 0, meaning that the number of price increases is statistically not different from the number of price decreases at 1 cent. Fabric Softeners 8 3
Front-end-candies 7 9
Frozen Dinners 1 1
Frozen Entrees 11 10
Frozen Juices 5 7
Grooming Products The figures reported in the table are the cutoff points of what might constitute a "small" price change for each category. The cutoff point is the last point at which the asymmetry is supported statistically. The figures in parentheses indicate a reverse asymmetry, and 0 means that there is no asymmetry. The figures reported in the table are the cutoff points of what might constitute a "small" price change for each category.
The cutoff point is the last point at which the asymmetry is supported statistically. The figures in parentheses indicate a reverse asymmetry, and 0 means that there is no asymmetry. The figures reported in the table are the cutoff points of what might constitute a "small" price change for each category. The cutoff point is the last point at which the asymmetry is supported statistically. The figures in parentheses indicate a reverse asymmetry, and 0 means that there is no asymmetry. In six product categories, the sample size was 0 for the first 12 months, and thus no comparison could be performed. The figures reported in the table are the cutoff points of what might constitute a "small" price change for each category. The cutoff point is the last point at which the asymmetry is supported statistically. The figures in parentheses indicate a reverse asymmetry, and 0 means that there is no asymmetry. 14, 1989 -May 8, 1997 (Source: Dutta, et al., 2002 , and Levy, et al., 2002 . 
